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PHARMACEUnCALLY ACTIVE PIPERIDINE DERIVATIVES 

The present inventian lelates to novel piperidine derivatives useful as inhibitors of 
glucosylc^:amide synthase (GCS; lIDP-glucose:ceramide glycosyltiansferase lJDP-glucose:N- 
5 acylsphingosine D-glucosyltransferase, EC 2.4. 1.80), methods for their preparation and their 
use in medicine, specifically in the treatment and prevention of disease states mediated by 
GCS. The compounds find use in the treatment of glycolipid storage diseases, diseases 
associated with glycolipid accumulation, cancel^ in which glycolipid synthesis is abnormal, 
mfectious diseases caused by organisms which use cell surface glycolipid as receptors, 

1 0 infectious diseases in which synthesis of glucosylceramide is essential or important, diseases 
in which excessive glycolipid synthesis occurs, neuronal disorders and neuronal injury. Their 
synthesis is also described, as are pharmaceutical formulations comprising the compounds 
and methods of treatment using the conq)ounds. 

GCS is an intracellular enzyme that catalyzes the assembly of uridine diphosphate- 

15 . glucose and ceramide into the glycolipid, glucosylceramide. GCS*s role in biology is 
currently the subject oj? intense basic and applied science interest For example, many 
mvestigators are exploring the role of GCS in regulating ceramide levels since this molecule 
can induce apoptotic ceU death (J. Biol. Ghent, 2000, Mar 10. 275(10), 7138-43). Similarly, 
tha:e is active research into the role of GCS in maintaining cholesterol/glycolipid 'rafts,' cell- 

20 surface membrane domains of specialized permeability and functionality that appear to be 
involved in a variety of signal transduction events (Nature, 1997, Jun 5, 387(6633), 569-72). 

GCS also is a target for treating certain human diseases. Glucosylceramide and 
structurally related glycolipids are stc»:ed in the lysosomes of patients with genetic diseases 
which result from a mutation in one of the essential glycolipid-degrading enzymes (e.g., 

25 Gaucher, Tay Sachs, Sandhoffs, GMl gangliosidosis and Fabry diseases). Glycolipid storage 
also occurs as a secondary effect in some tissues (e.g., neuronal tissue) with genetic storage 
diseases such as Niemann-Pick C disease, mucopolysaccharidoses, mucolipidosis type IV 
(Proc. Natl. Acad. Sci. USA, 1998, May 26, 95(11), 6373-8) and a-mannosidosis (Proc. NatL 
Acad. Sci. USA, 1991 Dec 15, 88(24), 11330-4). It has been reasoned that GCS inhibitors 

30 may be applied to reduce the rate of glycolipid synthesis in diseased cells so that there is less 
glycolipid present to be stored, a treatment approach termed substrate deprivation. Studies 
have demonstrated that GCS inhibitors can in &ct be used to reduce the glycolipid 
accumulation seen in cell and animal models of glycolipid storage (Pcoc. Natl. Acad. Sci. 
USA, 1999, May 25, 96(11), 6388-93; Science, 1997, Apr 18, 276(5311), 428-31; J. Clin. 

35 Invest, 2000, Jun, 105(11), 1563-71). Furthermore, a recent clinical trial report has shown 
that GCS uihibitors such as N-butyldeoxynojirimycm (NB-DNJ) are useful in treatmg human 
patients with Gauche disease (Lancet, 2000, Apr 29, 355(9214), 1481-5). The use of tiie 
immo sugar NB-DNJ as a GCS uihibitor is disclosed m EP-A-0698012. EP-A-0536402 and 
EP-A-0698012 disclose that N-alkyl derivatives of deoxygalactonojirimycin, e.g. N- 

40 butyldeoxygalactonojirimyciu (NB-DGJ), may also be of use in the treatment of glycolipid 
storage disorders. EP-A-0698012 also discloses that the corresponding N-butyl derivatives of 
mannose (NB-DMJ), fiicose (NB-DFJ) and N-acetylglucosamine (NB-NAG) do not act as 
inhibitois of glycolipid biosynthesis. 
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The use of GCS inhibitors in the treatment of human malignancies has been proposed. 
Tumours can synthesize abnormal quantities of glycolipids and/or glycolipids not present in 
the normal tissue. In addition glycolipids or gangliosides in particular are shed by tumour 
cells and released into the extracellular space and the bloodstream. Both tumour shed and cell 
5 surface bound tumour gangliosides can influence tumour host cell mteractions such as cell- 
cell contacts or adhesion (Methods Enzymol., 2000, 312, 447-58), cell motility (MoL Chem. 
NeuropathoL, 1995 Feb-Apr, 24(2-3), 121-35), growth factor signalling events (J. Biol. " 
Chem., 2000 Nov 3. 275(44), 34213-23), tumour stimulated angiogenesis (Acta. OncoL, 
1997, 36(4), 383-7) and tumour specific immune responses (J. Immunol., 1999 Oct 1, 163(7), 

1 0 3718-26). All these events can affect tumour development and progression. Glycolipids, 
glucosylceramide in particular, are known to accumulate in multidrug resistant (MDR) 
tumour cells (Anticancer Res., 1998 Jan-Feb, 18(1B), 475-80) and in vitro treatment of these 
cells with GCS inhibitors can reverse the MDR phenotype (J. Biol. Chem., 1997, Jan 17, 
272(3). 1682-7; Br. J. Cancer, 1999, Oct, 81(3), 423-30). 

1 5 . Cell surface glycolipids also have roles in infectious disease, servmg as receptors for 

the binding of pathogenic bacteria (APMIS, 1990, Dec, 98(12), 1053-60, Review), fungi 
(Infect. Immun., 1990 Jul, 58(7), 2085-90) and viruses (FEES Lett., 1984 May 7, 170(1), 15- 
8). In addition, glycolipids oni the surface of cells are bound by bacterial toxins (Methods 
En^oL, 2000, 312, 459-73) for instance the B subunit of cholera toxin (ganglioside GMl) 

20 and verocytotoxin (globotriaosylceramide GB3) (J. Infect. Dis., 2001, suppl. 70-73, 183). 

The use of GCS inhibitors may also be appropriate in a number of other clinical 
indications which are associated with abnormalities in glycolipid synthesis. Atherosclerotic 
lesions of human aorta have a higher ganglioside content than miaffected regions of the aorta 
and senxm ganglioside concentrations in atherosclerotic patients are higher than m normal 

25 individuals (Lipids, 1994, 29(1), 1-5). Tissue derived from the kidneys of patients with 

polycystic kidney disease contains high levels of both glucosylceramide and lactosylceramide 
(J. Lipid. Res., 1996, Jun, 37(6), 1334-44). Renal hypertrophy in an animal model of diabetes 
is associated with increases in glycolipid synthesis, (J. Clin. Invest., 1993, Mar, 91(3), 797- 
803). 

30 Glycolipid metabolism also plays a critical role in other neuronal disorders, such as 

Alzheimer's disease and epilepsy. For instance, Niemann-Pick C (NFC) patient neurons 
present with fibrillar tangles remmiscent of the morphology seen m Alzheimer's disease. 

Interestingly, GMl ganglioside binding by amyloid beta-protein induces 
conformational changes that support its formation of fibrous polymers, and the fibrillar 

35 deposition of this protein is an early event in Alzheimer's disease (Yanagisawa et al, (1995), 
Nat. Med. 1, 1062-6; Choo-Smith et al, (1997). Biol Chem.. 272, 22987-90). Thus, 
decreasmg GMl synthesis with agents such as NB-DNJ could inhibit the fibre formation seen 
m Alzheimer's disease. 

In contrast, preliminary clinical trials have shown that neurodegenerative processes 

40 seen with Parkinson's disease, stroke and spinal cord injuries seem to improve by treating 

patients witii GMl ganglioside (Alter, (1998), Ann. NY Acad. Sci. 845, 391-4011; Schneider, 
(1998), Ann. NY. Acad. Sci., 845, 363-73; Geisler, (1998), Ann. NY. Acad. Sci., 845, 374- 
81). It is possible that co-administering glucosylceramide synthesis inhibitors would provide 
the clinician greater control ovjer this treatment course. Inhibitors like NB-DNJ would limit 
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patient-specific inconsistencies by blocking their neuronal glycolipid synthesis. In addition, 
inhibiting glucosylceramide synthesis would limit the metabolism of administered glycolipids 
into other, perhaps unproductive, forms. Thus, the ability to modulate glucosylceramide 
synthesis with inhibitors such as NB-DNJ may be useful is treatment of a wide vari^ of 
5 neuronal disorders. 

It has also been shown that imino sugars can reversibly induce ntiale sterility and can 
therefore be used as male contraceptives. 

The compound 3,4,5-piperidinetriol, l-butyl-2-(hydroxymetiiyl)-, (2S,3R,4R,5S) is 
disclosed in Anal. Biochem., 2000, 284 (1), 136-142 as an analytical con:q)arator, no 
1 0 pharmaceutical utility is disclosed or suggested for this compound. 

WO 01/10429 (published after the priority date of this application) discloses the 
compound N-nonyl-altrostatin (3,4,5-piperidinetriol, l-nonyl-2-(hydroxymethyl)-, 
(2S,3S,4R,SS)) and it's use in the treatment of viral infections. 



1 5 . phenylmethyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) as a minor by-product in die synthesis of 
3,4,5-piperidinetriol, l-phenylmethyl-2-(hydroxymethyl)-, (2R,3R,4R,5S), no pharmaceutical 
utility is disclosed or suggested for this compound. The compounds piperidine, 1- 
phenyhnethyl-3,4,5-tris(phenyhnethoxy)-2-[(phenylmethoxy)-methyl], (2S,3R,4R,5S) and 
piperidine, l-phenyImethyl-3,4,5-tris(acetyloxy)-2-[(acetyIoxy)-methyl], (2S,3R,4R,SS) are 

20 also disclosed as by-products obtamed in the synthesis of the corresponding (2R,3R,4R,5S) 
confounds. 

Tetrahedron, 1997, 53(9), 3407-16 discloses the compounds piperidine, 1- 
phenylmethyl-3,4,5-di(acetyloxy)-5-(phenyhnethoxy)-2-[(phenylmethoxy)-methyl], 
(2S,3S,4R,5S) and piperidine, l-mefliyl-3,4,5-di(acetyloxy)-5-(phenylmethoxy)-2- 

25 [(phenylmeflioxy)-methyl], (2S,3S,4R,5S) as by-products obtained in the synthesis of the 
corresponding (2R,3S,4R,5S) compounds. 

Bioorganic and Medicinal Chemistry, 1996, 4(11), 1857-65 discloses the conq)ound 
piperidine, l-phenylinethyl-3,4-di(phenylmethoxy)-5-(benzoyloxy)-2-[(phenylinethoxy)- 
methyl], (2S,3R,4R,SS) as an intermediate in the synthesis of 3,4,S-piperidinetriol, 2- 

30 (hydroxymethyl)-, (2S,3R,4R,5S). 

Given the inc^ortance of GCS in a wide spectrum of basic and applied science 
interests, it is essential that new tools diat provide a means for modulating this enzynie's 
function be developed. Towards this end, we have synthesized a number of novel compounds 
that are useful in inhibiting GCS's catalytic activity. 

35 According to the invention there is provided a compound of formula (I) or a 

pharmaceutically acceptable salt or prodrug thereof: 



Tet. Lett, 1990, 31(47) 6777-80 discloses the compound 3,4,5-piperidinetriol, 1- 



R 




OH 



(0 



40 wherein 
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R is Ci.16 straight or branched-chain alkyl, optionally substituted by Cs-vcycloalkyl, 
and optionally interrupted by -O- the oxygen being separated from the ring nitrogen by at 
least two carbon atoms, or Ci.ioalkylaryl where aryl is phenyl, pyridyl, thienyl or furyl 
wherein phenyl is optionally substituted by one or more substituents selected from F, Q, Br, 
5 CF3, OCF3, OR* , and straight or branched-chain alkyl; and 

R* is hydrogen, or straight or brancbed-K^hain alkyl; 

proNdded that the compound is riot: 

a) 3,4,5-piperidinetriol, l-butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); 

b) 3,4,5-piperidinetiioI. l-phenylmethyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); or 
10 c) 3,4,5-piperidinetriol, l-nonyl-2-(hydroxymethyl)-, (2S.3S,4R,5S). 

The hydroxyl group at position 3 may be fixed in either the R or the S configuration. 
The hydroxyl group at position 3 is preferably in the R configuration, i.e. the conapound of 
formula (I) has the stereochemistry (2S,3R,4R,5S). 

R is preferably Cm6 straight or branched-chain alkyl or Ci.ioalkylphenyl wherein 
1 5 phenyl is optionally substituted by one or more substituents selected from F, CI, Br, CF3, 
OCF3, 0R\ and Ci^ straight or branched-chain alkyl. R is more preferably Cm6 straight or 
branched-chain alkyl. Even more preferably R is C3.10 straight chain alkyl, especially C4-7 
straight chain alkyl. 

The compounds for use in the methods of the invention preferably have a molecular 
20 weightof less than 800, more preferably less than 600. . . 

Specific compounds of the invention that may be mentioned include the following: 

3,4,5-piperidinetriol, l-propyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); 

3,4,5-piperidinetriol, l-pentyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); 

3,4,5-piperidinetriol, l-heptyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); 
25 • 3,4,5-piperidinetriol, l-butyl-2-(hydroxymethyl)-, (2S,3S,4R,5S); 

3,4,5-piperidmetriol, l-nonyI-2-(hydroxymethyl)-, (2S,3R,4R,5S); 

3,4,5-piperidinetriol, l-(l-ethyl)propyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); 

3,4,5-piperidmetriol, l-(3-methyl)butyl-2-(hydroxymethyl)-, (2S,3R,4R.5S); 

3,4,5-piperidinetriol, l-(2-phenyl)ethyl-2-(hydroxymethyl>, (2S,3R,4R,5S); 
30 3,4,5-piperidinetriol, l-(3-phenyl)propyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); 

3,4,5-piperidinetriol, l-(l-ethyl)hexyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); 

3,4,5-piperidmetriol, l-(2-ethyl)butyl-2-(hydroxymethyl)-, (2S,3R,4R.5S); 

3,4,5-piperidinetriol, l.[(2RH2-methyl^2-phenyl)ethyl]-2-(hydroxymethyl)-, (2S,3R.4R,5S); 

3,4,5-piperidinetriol, l-[(2S)-(2-methyl-2-phenyl)ethyl]-2-(hydroxymethyl)-, (2S.3R,4R,5S); 
35 and pharmaceutically acceptable salts and prodrugs thereof. 

A particularly preferred compound is 3,4,5-piperidinetriol, l-pentyl-2- 

(hydroxymethyl)-, (2S,3R,4R,5S) and pharmaceutically acceptable salts thereof. 

A specific group of compounds according to the invention which noay be mentioned 

are those of footmula (la) or a pharmaceutically acceptable salt thereof: 

40 
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wherein 

R is Ci.16 straight or branched-chain aOsyl, or Cmq alkylaryl where aryl is phenyl, 
pyridyl, tfaienyl or fmyl wherjein phenyl is optionally substituted by one or more substituents 
5 selected from F, CI, Br, CF3, OCJFs, 0R\ C1.6 straight or branched-chain alkyl; and 
is hydrogen, or Ci^ straight or branched-chain alkyl; 
provided that the compound is not: 

a) 3.4,5-piperidinetriol, l-butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S); 

b) 3,4,5-piperidinetriol. l-phenyhnethyl-2-(hydroxymethyl)-, (2S.3R,4R,5S); or 
10 c) 3,4,5-piperidinetriol, l-nonyI-2-Oiydroxymethyl)-. (2S.3S,4R,5S). 

As described herein, the compounds of the present invention can be used for the 
inhibition of GCS. Thus, in a second aspect, the present invention provides the use of the 
compounds of formula (I), but without the provisos a) and b), in medicine. Specific 
compounds for use in this aspect of the invention include, in addition to those mentioned 
15 .. above,.the compound 3,4,5-piperidinetriol, l-butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S). 

Suitable, pharmaceutically acceptable salts of the compounds of formula (I) include, 
but are not linoited to, salts with inorganic acids such as hydrochloride, sulfate, phosphate, 
diphosphate, hydrobromide, and nitrate, or salts v^th an organic acid such as malate, maleate, 
fumarate, tartrate, succinate, citrate, acetate, lactate, methanesulfonate, p4oluenesulfonate, 
20 palmitate, salicylate, and stearate. 

Suitable prodrugs of the compounds of fonnula (I) include, but are not limited to, 
pharmaceutically acceptable esters such as Ci^ alkyl esters. 

Some of the conq)ounds of this invention may be crystallised or recrystallised from 
solvents such as aqueous and organic solvents. In such cases solvates may be formed. This 
25 invention includes within its scope stoichiometric solvates including hydrates as well as 

compounds containing variable amounts of water that may be produced by processes such as 
lyophilisation. 

Certun of die conq>ounds of formula (I) may exist m the form of optical isomers, e.g. 
diastereoisomers and mixtures of isomers m all ratios, e.g. racemic mixtures. The invention 

30 includes all such forms, in particular the pure isomeric forms. The different isomeric forms 
may be separated or resolved one from the other by conventional methods, or any given 
isomer may be obtained by conventional synthetic noethods orby stereospecific or 
asymmetric syntheses. 

Since the compounds of formula (I) are intended for use in pharmaceutical 

35 conq)Ositions it will readily be understood that they are each preferably provided in 

substantially pure form, for example at least 60% pure, more suitably at least 75% pure and 
preferably at least 85%, especially at least 98% pure (% are on a weight for weight basis)'. 
Iiiq)iue preparations of the compounds may be used for preparing the more pure forms used in 
the pharmaceutical compositions; these less pure preparations of the coiiq)omids should 

40 contain at least 1%, more suitably at least 5% and preferably from 10 to 59% of a compound 
of the formula (I) or pharmaceutically acceptable derivative thereof. 

The term "alkyl" as used herein whether on its own or as part of a larger group e.g. 
"alkylaryl", includes both straight and branched chain radicals. The term alkyl also mcludes 
those radicals wherein one or more hydrogen atoms are replaced by fluorine. 
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The compounds of formula (I) can be piepaied by art-recognized procedures from 
known or commercially available starting materials. If the starting materials are unavailable 
from a conunercial source, their synthesis is described herein, or they can be prepared by 
proceduxes known in the art 
5 Specifically, the conq)ound5offonnuIa (I) may be prepared by processes 

conq)rising: 

(a) reacting a con5)Ound of formula (II): 




OH 



OH 



10 (ID 

with NaBHaCN and an aldehyde of formula R^CHO in acetic acid-methanol, or with 
NaBH(OAc)3 and an aldehyde of formula R^CHO in a solvent such as dichoromefliane; 
wherein R^ is Cms straight or branched-chain alkyl, optionally substituted by Cs^Tcycloalkyl, 
1 5 and optionally interrupted by -O- the oxygen being separated from the CHO moiety by at 
least one carbon atom, or CojgaBsyldxyl where aryl is as defined in formula (I); or 
(b) deprotection of a conq)ound of formula (III): 




•OP 



m 

20 wherein R is as defined in formula (I), and P,wWch may be the same or different, are 

hydroxy protecting groups e.g. benzyl (Bn). When P is CHzPh the deprotection is conducted 
in the presence of hydrogen gas and a catalyst such as PdQa or palladium on carbon in a 
suitable solvent such as an alcohol, e.g. ethanoL It will be understood that when P is CH,^ 
and R is CH2Ph the R group can also be removed under these conditions to give compounds 

25 of formula (II) thus c'onq)ounds of formula (I) where R is CHiPh are preferably produced 
using process a) above. 

The conqpounds of formula (II) are known, see e.g. Carbohydr. Res., 1993, 246, 377- 
81(2S3R4R5S) and Tet. Lett., 1997, 38(45). 8009-12 (2S3S4R5S). 

Confounds of formula (JH) may be prepared by reacting a compound of formula 

30 (IV): 




(IV) 

wherein L, which may be the same or different are leaving groups, such as mesyl, and P is as 
defined for formula (ID), with an amine of formula RNH2, wherein R is as defined in formula 
35 (I), either neat or in a solvent such as tetrahydrofizran. 
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Compound (IVa), wherein L is mesyl and P is benzyl, is a known compound: V.S. 
Rao et al., Can. J. Chem., (1981), 59(2). 333-8; P.A. Fowler et al., Carbohydr. Res.. (1993), 
246, 377-81. 




Compound (TVb), wherein L is mesyl and P is benzyl, may be prepared by reacting 
2,3,4,6-tetFa-O-benzyl-D-galactitol with mesyl chloride in the presence of a base such as 
pyridine. 



H 

BnO 



Bn0^Y'^"'0^" 
10 OBn 

(IVb) 

Any novel intBrmediate compounds as described herein also fall within the scope of the 
present invraticm. 

1 5 Thus according to a further aspect of the invention there is provided a compound of 

formula (JU) as defined above, provided that the compound is not: 

i) piperidine. l-phenylmethyl-3,4,5-tris(phenylmethoxy)-2-[(phenyhnethoxy)- 
methyl],(2S,3R,4R.5S); 

ii) piperidine, l-phenyImethyl-3,4,5-tris(acetyloxy)-2-[(acetyloxy)-methyl], 
20 (2S,3R,4R,5S); 

iii) piperidine, l-phenylmethyl-3,4,5-di(acetyloxy)-5-(phenylmethoxy)-2- 
[(phenyhnethoxy)-methyl], (2S,3S,4R.5S); or 

iv) piperidine, l-niethyl-3,4,5-di(acetyloxy)-5-(phenyhnethoxy)-2- 
[(phenylmethoxy)-methyl], (2S,3S,4R,5S). 

25 During the synthesis of the compounds of formula (I) labile functional groups in the 

intermediate compounds, e,g. hydroxy, carboxy and amino groups, may be protected. A 
comprehensive discussion of the ways in which various labile functional groups noay be 
protected and methods for cleaving the resulting protected derivatives is given in for example 
Protective Groups in Organic Chemistry, T.W. Greene and P.G.M. Wuts, (Wiley- 

30 Interscience, New York, 2nd edition, 1991). 

Further details for the preparation of compounds of formula (I) are found in the 
examples. 

The conq)Ounds of formula (I) may be prepared singly or as compound libraries 
coiiq)rising at least 2, for example 5 to 500 compounds, and more preferably 10 to 100 
35 conq)ounds of formula (T). Libraries of coiiq)ounds of formula (I) may be prepared by a 

combinatorial 'split and mix' approach or by multiple parallel synthesis using either solution 
phase or soUd phase chemistry, by procedures known to those skilled in the art 
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Thus according to a further aspect of the mvention there is provided a compound 
library comprising at least 2 compounds of formula (I) or pharmaceutically acceptable salts 
thereof. 

The pharmaceutically effective compounds of formula (I) and pharmaceutically 
5 acceptable salts thereof, may be administered in conventional dosage forms prepared by 
combining a compound of formula (I) ("active ingredient") with standard pharmaceutical 
carriers or diluents according to conventional procedures well known in the art These 
procedures may involve mixing, granulating and compressing or dissolving the ingredients as 
appropriate to the desired preparation. 
1 0 Accoiding to a further aspect the present invention provides pharmaceutical 

formulations comprising one or more confounds of formula (I), but without provisos a) and b), 
together with one or more pharmaceutically acceptable carriers or excipients. 

The pharmaceutical compositions of the invention may be formulated for 
administration by any route, and include those in a form adapted for oral, topical or parenteral 
1 5 administration to mammals including humans. 

Pharmaceutical formulations may be adapted for administration by any appropriate 
route, for exdxnplt by the oral (including buccal or sublingual), rectal, nasal, topical (including 
buccal, sublingual or transdermal), vaginal or parenteral (including subcutaneous, intramuscular, 
intravenous or intrademoal) route. Such formulations may be prepared by any method known m 
20 the art of pharmacy, for example by bringing into association the active ingredient with the 
carries) or excipient(s). 

. Phaimaceutical formulations adapted for oral adnunistration may be presented as 
discrete units such as capsules or tablets; powders or granules; solutions or suspensions in 
aqueous or non-aqueous liquids; edible foams or whips; or oil-in-water liquid emulsions or 
25 wat^-in-oil liquid emulsions. 

Pharmaceutical formulations adapted for transdermal administration may be presented as 
discrete patches intended to remain in intimate contact with the epidennis of the recipient for a 
prolonged pedod of time. For example, the active ingredient may be delivered fix>m the patch by 
iontophoresis as generally described in Pharmaceutical Research, 3(6), 318, (1986). 
30 Pharmaceutical formulations adapted for topical administration may be formulated as 

ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, impregnated dressings, 
sprays, aerosols or oils and may contain appropriate conventional additives such as preservatives, 
solvents to assist drug penetration and emollients in ointments and creams. 

For supplications to the eye or other external tissues, for example the mouth and skin, the 
35 formulations are preferably applied as a topical omtment or cream. When formulated in an 
ointment, the active ingredient may be employed with either a parafBnic or a water-miscible 
ointment base. Alternatively, the active ingredient may be formulated in a cream with an oil-in- 
water cream base or a water-inoil base. 

Fhannaceutical formulations adapted for topical administration to the eye include eye 
40 drops wherein die active ingredi^t is dissolved or suspended in a suitable carrier, especially an 
aqueous solvent. 

Phamiaceutical formulations adapted for topical administration in the mouth include 
lozenges, pastilles and mouth washes. 

8 
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Phannaceutical f onnulations adapted for rectal administration may be presented as ' 
suppositories or enemas. 

Pharmaceutical fonnulations adapted for nasal administration wherein the carrier is a 
solid include a coarse powder having a particle size for example m the range 20 to 500 microns 
5 which is administered in the manner in which snuff is taken, i.e. by rapid inhalation through the 
nasal passage from a container of the powder held close up to the nose. Suitable fonnulations 
wherein the carrier is a liquid, for administration as a nasal spray or as nasal drops, include 
aqueous or oil solutions of the active ingredient 

Phannaceutical formulations adapted for admmistraticm by inhalation include fine 
1 0 particle dusts or mists which may be generated by means of various types of metered dose 
pressurised aerosols, nebulizers or insufflators. 

Pharmaceutical formulations adapted for vaginal administration may be presented as 
pessaries, tampons, creams, gels, pastes, foams (x spray fonnulations. 

Pharmaceutical formulations adapted for parenteral admuiistration include aqueous and 
1 5 non-aqueous sterile injection solutions which may contain antioxidants, buffers, bacteriostats 
and solutes which render the formulation isotonic with the blood of the intended recipient; and 
aqueous and non-aqueous sterile suspensions which may include suspending agents and 
thick^img agents. The formulations may be presented in unit-dose or multi-dose coitainers, for 
example sealed ampoules and vials, and may be stewed in a freeze-dried (lyophilized) condition 
20 requiring only the addition of the sterile liquid carrier, for exan^le water for injections, 

immediately prior to use. Extemporaneous injection solutions and suspensions may be prepared 
from sterile powd^, granules and tablets. 

It should be understood that in addition to the ingredients particularly motioned above, 
the fonnulations may also include oth^ agents conventional m the art having regard to the type 
25 of formulation in question, for exanq)le those suitable for oral administration may include 
flavouring agents. 

Hie pharmaceutical formulations according to the invention are preferably adapted for 
oral administration. 

The formulations may also contain conq)atible conventional carriers, such as cream or 
30 ointment bases and ethanol or oleyl alcohol for lotions. Such carriers may be present as from 
about 1% up to about 98% of the formulation. More usually they will form up to about 80% 
of the formulatioiL 

Tablets and capsules for oral administration may be in unit dose presentation form, 
and may contain conventional excipients such as binding agents, for exanq)Ie syrup, acacia, . 

35 gelatin, sorbitol, tragacanth, or polyvinylpyrrolidone; fillers, for example lactose, sugar, 
maize-staich, calcium phosphate, sorbitol or glycine; tabletting lubricants, for exanq>le 
magnesium stearate, talc, polyethylene glycol or silica; disintegrants, for example potato 
starch; or acceptable wetting agents such as sodium lauryl sulphate. The tablets may be 
coated according to methods well known in normal pharmaceutical practice. Oral liquid 

40 preparations may be in the form of, for example, aqueous or oily suspensions, solutions, 
emulsions, syrups or elixirs, or may be presented as a dry product for reconstitution with 
water or other suitable vehicle before use. Such liquid preparations may contain conventional 
additives, such as suspending agents, for example sorbitol, methyl cellulose, glucose syrup, 
gelatin, hydroxyethyl cellulose, caiboxymetiiyl cellulose, aluminium stearate gel or 
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hydrogenated edible fats, emulsifying agents, for example lecithin, sorbitan monooleate, or 
acacia; non-aqueous vehicles (which may include edible oils), for example almond oil, oily 
esters such as glycerine, propylene glycol, or e&yl alcohol; preservatives, for example methyl 
or propyl p-hydroxybenzoate or sorbic acid, and, if desured, conventional flavouring or 
5 colouring agents. 

Suppositories will contain conventional suppository bases, e.g. cocoa-butter or other 
glyceride. 

For parenteral administration, fluid unit dosage forms are prepared utilizing the 
cooopound and a sterile vehicle, water being preferred. The con[q)ound, depending on the 

1 0 vehicle and concentration used, can be either suspended or dissolved in the vehicle. In 

preparing solutions the compound can be dissolved in water for injection and filter sterilised 
before filling into a suitable vial or ampoule and sealing. 

Advantageously, agents such as a local anaesthetic, preservative and buffermg agents 
can be dissolved in the vehicle. To enhance the stability, the c(mq)osition can be frozen after 

1 5 filling into the vial and the water removed under vacuum. The dry lyophilized powder is then 
sealed in the vial and an acconq)anying vial of water for injection may be supplied to 
reconstitute the liquid prior to use. Parenteral suspensions are prepared in substantially the 
same manner except that the conopound is suspended in the vehicle mstead of beiiig dissolved 
and sterilizaticm cannot be acccmiplished by filtration. The conqpound can be sterilised by . 

20 exposure to ethylene oxide before suspending in the staile vehicle. Advantageously, a 

surfactant or wetting agent is included in the composition to facilitate uniform distribution of 
the conq)ound. 

The cooopositions may contain from 0.1% by weigjit, preferably from 10-60% by 
weight, of the active material, depending on the method of administration. 

25 Pharmaceutical formulations may be presented in unit dose forms containing a 

predetemiined amount of active ingredient per dose. Such a unit may contain for exanq)le up to 
Ig, suitably lOmg to 600mg, preferably SOmg to 30Qmg and more preferably SOmg to ISOmg 
depending on the condition bdng treated, die route of adnunistration and the age, weight and 
condition of the patient. Preferred unit dosage fomtiulations are those contaioing a daily dose or 

30 sub-dose, as herein above recited, or an appropriate fraction thereof, of an active ingredient. 

It will be recognized by one of skill in the art that the optimal quantity and spacing of 
individual dosages of a formula Q) comqpound will be determined by the nature and extent of 
the condition bemg treated, the form, route and site of administration, and the particular 
mammal being treated, and that such optimums can be determined by conventional 

35 techniques. It wiQ also be appreciated by one of skill in the art that the optimal course of 
treatment, i.e., the numb^ of doses of the formula (J) confound given per day for a defined 
number of days, can be ascertamed by those skilled in the art using conventional course of 
treatment determination tests. 

No toxicological elRFects are indicated when a compound of formula (I) or a 

40 pharmaceutically acceptable derivative thereof is administered in the above-mentioned dosage 
range. 

The compounds of tte present mveation are useful in that they are capable of inhibiting 
glucosylceiamide synthase. Thus, the compounds of the invention can be used in the treatment 
of various gjlycolipid storage diseases such as Gaucher's disease, Sandhoff s disease, Tay-Sachs 
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disease^ Fabry disease, GMl gangliosidosis etc'Ih addition, conq)ounds such as tliis also can find 
use in the treatment of conditions in which glycolipid accumulation occurs such as Niemann-Pick 
disease, mucopolysaccharidoses (MPS I, MPS IHA, MPS niB, MPS VI and MPS VII), 
mucolipidosis type IV and a-mannosidosis. 
5 The compounds of the present invention can also be used in the treatment of cancers in 

which glycolipid synthesis is abnormal such as brain tumours, neuroblastoma, mflHgnflnt 
melanoma, renal adenocarcinoma and multi-drug resistant cancers in general. 

The conq>ounds of the present invention can also be used in the treatment of disease 
caused by infectious organisms which use cdl sui&ce glycol^d as recept(»:s for the infectious 
10 organism or toxin produced by tiiemfectious organism. 

The compounds of the present invention can also be used in the treatment of disease 
caused by infectious organisms for which the synthesis of glucosykeramide is an essential or 
in^ortant process such as the pathogenic fimgus ciyptocoocus neofcKmans. 

The con^Knmds of the present invention can also be used in the treatment of disease in 
1 5 which excessive glycolipid synthesis occurs such as but not Imnted to, atiimsclerosis, polycystic 
kidney disease and diabetic lenal hypertrophy. 

The conq)ounds of the present invention can also be used m the treatment of neuronal 
disorders, such as Alzlieimer^ disease and epilepsy; and neuronal degenostive disease such as 
Paikinsons' disease 

20 The con^unds of the preset invention can also be used in the treatnient of neuronal 

injury such as spinal cord injuries or stroke. 

The coiiq>ounds of the present invention can also be used in the treatmi^t of obesity. 
In additional aspects, tfaa:i^Qre» the present invention provides: 

(i) die use of a coixq)ound of formula (I) but without provisos a) to c),as an inhibitor of 
25 glucosylceramide synthase. 

(ii) die use of a con;)Oimd of formula (I) but without provisos a) to c), in the manufacture of a 
medicament for tiie treatment of a glycolipid storage disease. Exanq)Ies of glycolipid storage 
disease ^ch can be treated include, but are not limited to: Gaucher disease, Sandhofk disease, 
Tay-Sachs disease, Falxy disease or GMl gangliosidosis. 

30 (iii)theuseofaconq)OundoffQnnula(I)butwithoutprovisosa)toc), infhema^ 
medicament for the treatment of Niemann-Pick disease types A and C 

(iv) the use of a conq)Ound of formula (I) but without provisos a) to c), in die manufacture of a 
medicament for the treatment of mucopolysaccharidosis type I, mucopolysaccharidosis type HID, 
mucqpolysaocharidosis type HIA, mucopolysaccharidosis type VI or mucopolysaccharidosis type 

35 vn. 

(v) the use of a compound of formula Q) but without provisos a) to C), in the manufacture of a 
medicament for the treatmmt of a-mannosidosis or mucolipidosis type IV. 

(vi) die use of a confx>und of formula Q) but without provisos a) to c), in the manufiactuie of a 
medicament for the treatment of cancers in which glycolipid synthesis is abnormal, including but 

40 not limited to neuronal cancer including neuroblastonoa, brain cancer, renal adenoca^ 
malignant melanoma, multiple myeloma and multi-dmg resistant cancers. 

(vii) the use of a compound of f omonla CO but without provisos a) to c); in the manu&cture of a 
medicament for use m die treatnoent of Alzheuner's disease, qnlepsy or s^ 
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(viii) the use of a compound of formula (I) but without provisos a) to c), in the manufacture of a 
medicament for use in the treatment of Parkmson's disease. 

(ix) the use of the conq)ound of formula 00 but without provisos a) to c), in the manufacture of a 
medicament in the treatment of spinal injury. 

5 (x) the use of a compound of formula (I) but without provisos a) to c), in the manufacture of a 
medicament for use in the treatment of disease caused by infectious microorganisms which 
utilize glycolipids on the surface of cells as receptors for the organism itself or toxins produced 
by the oiganisnL 

(xi) the use of a confound of formula (I) but without provisos a) to c), in flie manufacture of a 
1 0 medicament for use in the treatment of disease caused by infectious organisms for which the 

synthesis of glucosylceramide is an essential or in^ortant process such as but not limited to 
pathologies associated wifli infections of the pathogenic fungus ciyptococcus neofonnans. 

(xii) the use of a compound of formula (I) but without provisos a) to c), in the manufacture of a 
medicament for use in the treatment of diseases associated with abnormal glycolipid synthesis 

1 5 including but not limited to polycystic kidney disease, diabetic renal hypertrophy and 
atherosclerosis. 

(xiii) the use of a conq)ound formula (t) but without provisos a) to c), in the manufacture of a . 
medicament for the treatment of a condition treatable by the adnunisti^tion of a ganglioside 
such as GMl ganglioside. Exan^les of such conditions are Parkinson's disease, stroke and 

20 spinal cord injuries. 

(xiv) the use of a compound of formula Q) but widiout provisos a) to c), in the manufacture of a 
medicament for reversibly rendering a male mammal inf^tile. 

(xv) the use of a compound of formula (I) but without provisos a) to c), in the manu&cture of a 
medicament for the treatment of obesity, e.g. as an appetite siq)pressant. 

25 (xvi) a method for the treatment of a glycolipid storage disease, e.g. Gaucher's disease, 

Sandhoff s disease, Tay-Sachs disease or GMl gangliosidosis, which conq)rises the step of 
administering to a patient an effective amount of a conqpound of formula Q) but v/ithout provisos 
a) to c). 

(xvii) a method for the treatment of Niemann-Pick disease types A and C, which comprises the 
30 step of administering to a patient an effective amount of a confound of formula (I) but without 

provisos a) to c). 

(xviii) a method for the treatment of mucopolysaccharidosis type I, mucopolysaccharidosis 
type TTTD, mucopolysaccharidosis type niA, mucopolysaccharidosis type VI or 
mucopolysaccharidosis type Vn which comprises the step of administering to a patient an 

35 effective amount of a conq)Ound of formula (I) but vdthout provisos a) to c). 

(xvix) a method for the treatment of a-maimosidosis or mucolipidosis type IV which 
comprises the step of administering to a pati^t an effective amount of a conqiound of formula (I) 
but without provisos a) to c). 

(xx) a method for the treatment of cancers m which glycolipid synthesis is abnormal, including 
40 but not limited to neuronal cancer including neuroblastoma, brain cancer, renal 

adenocarcinoma, malignant melanoma, multiple myeloma and multi-drug resistant cancers 
which conqnises the step of administering to a patient an effective amount of acompound of 
formula CD but without provisos a) to c). 
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(xxi) a method for the treatment of Alzheimer's disease, epilepsy or stroke which coiiq)rises the 
step of admixustering to a patient an effective amount of a coiiq)ound of formula (J) but without 
provisos a) toe). 

(xxii) a method for the treatment of Paxkinson' s disease, which conpises &e step of 

5 adnunistering to a patient an effective amount of a cooQ^ound of formula (Q but without provisos 
a) to c). 

(xxiii) a method for the treatment of spinal injury which comprises the step of administering to a 
patient an effective amount of a compound of formula (J) but without provisos a) to c). 

(xxiv) a method for the treatment of disease caused by infisctious microorganisncis which utilize 
1 0 glycolqpids on the surfoce of cells as receptors for the organism itself or toxins produced by the 

organism which comprises the step of admmistering to a patient an effective amount of a 
compound of formula 00 but without provisos a) to c). 

(xxv) a method for the treatment of disease caused by infectious organisms for which the 
syntfaeds of glucosylceFanude is an essential or is^ortant process such as but not limited to 

1 5 pathologies associated with infections of the pathogenic fungus cryptococcus neoformans which 
conq)rises the step of administering to a patient an effective amount of a conq>ound of formula (I) 
but without provisos a) to c). 

(xxvi) ^ inethod for the treatment of diseases assodated with abnorniial glycoUp^ 
including but not limitBd to polycystic kidney disease, diabetic renal hypertrophy and 

20 • . atherosclerosis, which con:q)rises the step of administering to a pati^t an effective amount of a 
conq)Ound of formula (I) but without provisos a) to c). 

(xxvii) a method for the treatment of a condition treatable by the administration of a . 
ganglioside such as OM I ganglioside, which ccmq)rises the step of administering to a patirat an 
effective amount of a conq)Ound of formula 0) but witiiout provisos a) to c). Exan^les of such 

25 conditions are Parkinson's disease, stroke and spinal cord injuries. 

(xxviii) a method for reveisibly rendering a male mammal infertile, which conq>rises the st^ of 
admmistering to said male mammal an effective amount of a confound of formula Q) but 
without i«ovisos a) toe). ... 

(xxix) a method for the treatment of obesity, which comprises the step of administering to a 
30 patient an effective amount of a compound of formula (T) but without the provisos a) to c)v 

The invention also provides for the use of a coiiq)ound of formula (£) but without 
provisos a) to c) for the treatment of the above mentioned diseases and conditions! 

Figure 1: shows represratative pathways for the metabolism of glycolipids m 
mammalian cells. The reaction catalyzed by glucosylceramide synthase, the assembly of 
35 uridine diphosphate-glucose and ceramide into glucosylceramide, is shown. Enzyme 

. pathways resulting in the human glycolipid storage diseases, as well as the glucosylceramide 
synthase reaction inhibited by N-butyldeoxynojirimycin (NB-DNJ) are also represrated. 
Abbreviations: UDP-Olc, uridme diphosphoglucose; Cer, ceramide; Sial, sialic acid; Gal, 
galactose; GalNAc, N-acetylgalactosamme; Glc, glucose; and 
40 Figure 2: shows (a) a thin layer chromatography (TLQ chromatogram of the non- 

polar lipid fraction extracted from MCF-7 breast carcinoma cells treated for 7 days with 
SOmM rumple 2 confound (1), MCF-7 breast carcinoma cells (2) and (3) represent a 
glucosylceramide standard; and (b) represents a measure of the glucosylceramide band 
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intensity from the TLC chromatogram relative to background with (1) representing example 2 
compound treated sample and (2) the untreated control. 

All publications, mcluding, but not limited to, patents and patent applications, cited in this 
specification, are herdn incorporated by reference as if each individual publication were 
5 specifically and individually indicated to be incorporated by reference herein as diougfa fiilly set 
forth. 

The invention will now be described by reference to the following exaxaples which are 
merely illustrative and are not to be construed as a limitation of the scope of the present invention. 

1 0 Example 1 3,4^-PiperidinetrioI, l^propyl-2-(hydroxymetfayl)-, (2S^R,4R^S) 
a) 2^A6-Tetra-0-beii2yl-l^di-0-mesyl-D-gludtol 




1 5 2,3,4,6-Tetra-O-benzyl-D^glucitol (45g) was dissolved in pyridine (200 ml) and added over 
30 min to a solution of mesyl chloride (15 ml) in pyridine (100 ml) at 0**C. The clear solution 
was stored at 4®C overnight, after which time TLC analysis showed completion of the 
. reaction. The reaction mixture was partitioned between ethyl acetate and watei/ice. The 
organic fractions were washed with 5% hydrochloric acid then saturated aqueous sodium 

20 bicait)onate solution, dried (Na2S04) and concentrated to a yellow/orange oil. The oil was 
azeotroped with toluene and used direcdy in the next stage. 

b) Piperidineyl«propyK3»4^-tris(phenyhnethoxy)-2«[(phenyl-methoxy)methyl], 
(2S^Rv4R^S) 

25 




Crude 2,3,4,6-tetra-0-benzyl-l,5-di-0-inesyl-D-glucitol (988mg) was dissolved in n- 
propylamine (10ml) and stirred at SS^'C for 4 days. TLC analysis indicated the reaction had 
gone to completion. The reaction mixture was concentrated and the resultant crude oil was 
30 purified by flash chromatography (gradient elution of 0 -> 16% ethyl acetate/petroleum ether) 
to give pipoidine, l-propyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)-mefliyl], 
(2S,3R,4R,5S) (610mg, 73%), *H NMR (CDCI3): 8 □0.9(3H, t), 1.4(2H, m), 2.45(2H, m), 
2.6(1H. m), 2.8(1H, dd, J = 5, 11 Hz), 3.3(1H, m), 3.5(2H, m), 3.6(2H, m), 3.7(1H, dd), 4.4- 
4.8(8H, m, OCHaPh). 7.2- 7.4(20H, m, ArH). 

35 

c) 3/l^-Piperidiiietriol, l-propyl-^(hydroxymethyI)-, (2S,3R^R^S) 
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Kperidine, l-propyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)-metiiyl], (2S,3R,4R,5S) 
(610ing) was dissolved in MeOH (10ml) and stirred overnight under a hydrogen atmosphere 
in the presence of PdCt (SOOmg). TLC indicated conq)Ietion of the reaction. The reaction 
mixture was filtered through celite (followed by a methanol/water wash) and the filtrate 
5 concentrated. The solution was diluted with water (lOml) and slowly loaded onto 5g of 
Dowex 50X4-200 resin that had been pre-washed with hydrochloric acid. The resin was 
washed with water and then eluted with a mixture of 1:7 cone, aqueous ammonia: water. 
Product fractions were concmtrated to give 3,4,S-piperidinetrioI, l-propyl-2- 
(hydtoxymethyl)-. (2S,3R»4R,5S) (200mg, 90%) as a gummy solid. NMR (JhO): 8 
1 0 0.75(3H, t), 1.35(2H, m), 2.45(3H, m), 2.75(1H, dd. J = 5, 12.5Hz), 3.0(1H. dd. I = 4, 9Hz), 
3.3(1H. t). 3.45(1H. m). 3.6(1H, dd, J = 5, lOHz), 3.7(2H, m). 

Example 2 3^,5-Piperidinetriol, l-butyl«2-(hydroxymethyl)-» (2S^R,4R,5S) 
a) Piperidine, l-butyl-3»4^-tri5(phenylmethoxy)-2-[(phen:^ethoKy)-meth^^ 
15 .(2S3R^R^S) 



Crude 2,3,4,6-tetra-0-benzyl-l,5-di-0-mesyl-D-glucitol (Exanq)le la), 30g) was dissolved in 
20 n-butylamine (20Qml) and stirred at 50^C for 4 days. TLC analysis indicated the reaction had 
gone to completion. The reaction mixture was concentrated and the resultant crude oil was 
purified by flash chromatography (gradient elution of 0 -> 16% ethyl acetate/petroleum ether) 
to give piperidine, l-butyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)-methyl], 
(2S,3R,4R,5S) (23g, 90%). ^HNMR(CDCl3): 8 □0.9(3H, t), 1.2(2H,m), 1.4(2H,m), 



25 2.5(2H. m), 2.7(1H, m), 2.9(1H. dd, J = 6, 12 Hz), 3.4(1H. m), 3.5(1H, AB quartet J = 10 Hz). 
3.55(1H, m), 3.65(1H, m), 3.7(1H, dd, J = 2, 13 Hz), 3.8(1H, dd, J = 6, 10 Hz), 4.4- 4.9(8H, 
m, 0CH2Ph), 7.2- 7.4(20H, m, ArH). 

b) 3,4^.PiperidinetrioI, l-butyl-2-(hydroxymethyl)., (2S^R»4R^S) 

30 



Piperidine, l-butyl-3,4,5-tris(phenylmethoxy)-2-[(phenyhnethoxy)-methyl], (2S,3R,4R,5S) 
(ISg) was dissolved m MeOH (300ml) and stirred overnight under a hydrogen atmosphere in 
the presence of PdCl2(Sg). TLC indicated conq)letion of the reaction. The reaction mixture 
35 was filt^ed Arough celite (followed by a methanol/water wash) and the filtrate concentrated 
to ca. 50ml. The solution was slowly loaded onto 70g of Dowex 50X12-200 resm that had 
been pre-washed with hydrochloric acid. The resin was washed with water and then eluted 
with a mixture of 1:7 cone, aqueous ammonia:water. Product fractions were concentrated to 
give 3,4,5-pipeiidinetriol, l-butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) (4.8g, 85%) as a 



40 colourless ofl. *H NMR (DjO): 8 0.90(3H. t), 1.31(2H, m), 1.49(2H. m), 2.53(1H, dd). 





OH 
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2.63(1H, ddd), 2.72(1H, ddd), 2.87(1H. dd). 3.14(1H. q). 3.44(1H, t), 3.61(1H, ddd), 3.75(1H. 
dd), 3.85(1H, dd). 3.89(1H, dd). 

Example 3 3,4^-PIperidinetriol, l-pentyI-2-(hydroxymeth]1)-» (2S3R^R,5S) 
5 a) Piperidine, l-pentyl-3/l^tris(phenylmethoxy)-2-[(phenyl-methoa^^ 
(2S,3R,4R^S) 




^OBn 



1 0 Cnide 2,3,4,6-tetra-0-benzyl-l,S-di-0-inesyl-D-glucitol (Exaiqple la), Ig) was dissolved in 
n-pentylamine (10ml) and stirred at 55**C for 4 days. TLC analysis indicated the reaction had 
gone to completion. The reaction mixture was concentrated and the resultant crude oil was 
purified by flash chromatography (gradient elation of 0 — » 12% ethyl acetate/petroleum ether) 
. to give piperidine, l-pentyl-3,4,5-tris(phenyhnethoxy)-2-[(phenylmethoxy)-methyl], 

15 (2S,3R,4R,5S)(68Qmg,76%). ^HNMR(CDa3):S □1.0(3H,t), 1.2(2H,m), 1.4(4H,m), 
1.6(2H, m), 2.7(2H, m), 2.85(1H, m), 3.05(1H, dd, J = 5, 10.5 Hz), 3.55(1H, m), 3.7(2H, m), 
3.85(2H, m), 3.95 (IH, dd, J = 5, 9 Hz), 4.6- 5.05(8H, m. OGHiPh), 7.4- 7.5(20H, m. ArH). 

b) 3y4,5-Piperidinetriol, l-pentyl-2-(hydroxymethyl)-, (2S,3R,4R^S) 




Piperidine, l-pentyl-3,4,5-tris(phenylmethoxy)-2-[(phenyhnethoxy)-methyl], (2S,3R,4R,5S) 
(680mg) was dissolved in MeOH (lOnd) and stirred overnight under a hydrogen atmosphere 

25 in the presence of PdQ2(300nig). TLC indicated completion of the reaction. The reaction 
mixture was filtered through celite (followed by a methanoi/water wash) and the filtrate 
concentrated. The concentrate was diluted with water and slowly loaded onto 5g of Dowex 
50X4-200 resin that had been pre-washed with hydrochloric acid. The resin was washed with 
water and then eluted with a mixture of 1 :7 cone, aqueous ammonia: water. Product fractions 

30 were concentrated to give 3,4,S-piperidinetriol, l-pentyl-2-(hydroxymethyI)-, (2S,3R,4R,5S) 
(240mg, 90%) as a gummy soUd. *H NMR (DiO): 8 0.75(3H, t), 1.15(4H, m), 1.35(2H, m), 
2.35(1H, dd, J = 10, 12.5Hz), 2.5(2H, m), 2.7(1H, dd, 1 = 5, 12Hz), 3.0C1H, dd, J = 4. 9Hz), 
3.25(1H, t), 3.45(1H, m), 3.6(1H, dd, J = 5, lOHz), 3.75(2H, m). 

35 Example 4 3,4,5-Piperiduietriol, l*heptyl-2-(hydroxymet]iyl)-, (2S3R|4R^) 
a) Piperidine, l-hept3i-3,4^-tris(pheaylmeth0xy)-2-[(phenyl-Daiethoxy^ 
(2S3RytR^S) 
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Crude 2,3,4,6-tetra-0-beiizyH,5-di-0-mesyl-D-glucitol (Example la), Ig) was dissolved in 
n-heptylamine (10ml) and stirred at S5°C for 4 days. TLC analysis indicated the reaction had 
gone to completion. The reaction mixture was concentrated and theiesultant crude oil was 



5 purified by flash chromatography (gradient elution of 0 25% diethyl ether/petroleum ether) 
to give piperidine, l-heptyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)-methyI], 
(2S.3R,4R,5S) (690m& 76%). NMR (CDCI3): 5 n0.9(3H, t), 1.3(8H, m), 1.4(2H, m), 
2.5(2H, m), 2.7(1H, m), 2.9(1H, dd, J = 5, 11 Hz), 3.4(1H. m), 3.55(2H. m), 3.7(2H, m), 
3.8(1H. dd, J = 6. 13 Hz). 4.4- 4.9(8H, m, OOIiPh). 7.2- 7.4(20H, m, ArH). 

10 

b) 3,4^-PiperidinetrioI» l-heptyl-2-(hydroxyiiiethyl)-, (2S^R^R^S) 



1 5 Piperidine, l-heptyl-3,4,S-tris(ph^ylmetfaoxy)-2-[(phenyhneihoxy)^methyl], (2S3R,4R,SS) 
. (690mg) was dissolved in MeOH (lOml) and stinred overnight under a hydrogen atmosphere 
Ml the presence of Pda2 (350mg). TLC indicated conq)letion of the reaction. The reaction 
mixture was filtered through celite (followed by a methanol/water wash) and the filtrate 
concentrated. The concentrate was diluted with wat^ (5ml) and slowly loaded onto Sg of 

20 Dowex 50X4-200 resin that had been pre-washed with hydrochloric acid. The resin was 
washed with water and then eluted with a mixture of 1:7 cone, aqueous ammonia:water. 
Product fiactions were concentrated to give 3,4,5-piperidinetriol, l-heptyl-2- 
(hydroxymethyl)-, (2S,3R,4R,5S) (260mg, 90%) as a gummy solid. NMR (D2O): 5 
0.7(3H, t), 1.1(8H, m). 1.3(2H. m), 2.45(3H, m), 2.7(1H, dd. J = 5, lOHz). 2.95(1H, dd. J = 4, 

25 9Hz), 3.25(1H, t), 3.4(1H, m). 3.55(1H, dd. J = 5.5, 9.5Hz), 3.65(2H. m). 

Example 5 3^^-Piperidinetriol, l-butyI-2-hydroxyniethyl)-, (2S^S,4R^S) 
a) 23/1,6-Tetra-O-benzyl-D-galactitol 



2,3,4,6-Tetra-O-benzyl-D-galactopyranose (107g) was dissolved in ethanol (0.6L) and, whilst 
stirring at O^C, sodium borohydride (3 Ig) was added. After stirring overnight TLC analysis 
indicated conq)letion of the reaction. The ethanol solution was partitioned between water 

35 (3L) and ether (1.SL). Tlie organic phase was dried (Na2S04), filtered and concentrated. The 
resulting oil was purified by flash chromatography (gradient elution using 20-^50% ethyl 
acetate/petroleum ether) and then crystallised fix>m a mixture of ethyl acetate/petroleima ether 
to give 2,3,4,6-tetra-O-benzyl-D-galactitol (97g, 91%) as a white solid NMR (CDCI3): 5 
2.4(1H. bs), 3.35(1H, bs), 3.55(2H. m), 3.8(3H. m). 3.9(2H, m), 4.1(1H, m). 4.44.8(8H, m. 

40 OCHaPh), 7.2-7.4(20H, m, ArH). Mass spectrum: m/z 543 (M+H)* 565 (M+Na)+. 




OH 



30 
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b) 2^,4,6-Tetra-0-beiizyI-l^«0-*mesyl-D-galaGtitoI 




BnO 



2,3,4,6-Tetra-O-benzyl-D-galactitol (7.6g) was stirred at O^'C in pyridine (20 ml) and a 
5 solution of mesyl chloride (2.5 ml) in pyridine (20 ml) was added. The solution was stored at 
4^C overnight. TLC analysis showed completion of the reacticm. The reaction mixture was 
partitioned between ethyl acetate and watei/ice. The organic fractions were washed with 5% 
hydrochloric acid then saturated aqueous sodium bicarbonate solution, dried Qi2L^0^ and 
concentrated to give a colourless oil which was used directly in the next stage. 

10 

c) Piperidine, l»butyl-3A5-tris(phenylmethoxy)-2-[(phenylBiethoxy>meth^ 



OBn 




The crude 23»4,6-tetra-0-benzyl-l^-di-0-mesyl-D-galactitol was dissolved m n-butylamine 
1 5 (50 ml) and stined at SS^C for 5 days. The reaction mixture was concentrated and the crude 
oil purified by flash chromatography (gradient elution of 5 16% ethyl acetate/petroleum 
ether) to give piperidine, l-butyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)-niethyl], 
(2S,3S,4R,5S) (4.8g. 59% from2,3,4,6-tetra-0-ben2yH,5-di-0-mesyl-D-galactitol) as a 
colourless oU. *H NMR (CDQa): 5 0.9(t, 3H, J = 6Hz), L25(m, 2H), 1.4(m, 2H), 2.6(m, 3H), 
20 2.8(m, IH). 3.0(m, IH), 3.4(ni. IH). 3.55(2H. m). 3.75(1H, m), 3.8(1H. m), 4.3-4.6(8H. m, 
OCHaPh). 7.15- 7.3(20H, m, ArH). 

d) 3,4^-Piperidmetriol, l-butyl-2-hydroxymethyl)-, (2S^S,4R^S) 



25 




Piperidine, l-butyl-3A5-tris(phenylmethoxy>2-[(phenyhnethoxy)-methyl], (2S,3S,4R^S) 
(4.8g) was dissolved in methanol (100ml) and stirred overnight under a hydrogen atmosphere 
in the presence of PdCl2(2.5g). TLC indicated completion of the reaction. The reaction 

30 mixture was filtered through celite (followed by a methanol/water wash) and concentrated to 
a 2Sml aqueous solution. This solution was slowly loaded onto 40ml of Amberlite IR- 
120(plus) resm which had heea pre-washed with hydrochloric acid. The resin was washed 
with water then eluted with a mixture of 1:7 cone, aqueous ammonia:water (SOOml). Product 
fractions were concentrated to give 3,4,5-piperidinetriol, l-butyl-2-(hydroxymethyl)-, 

35 (2S,3S,4R,5S) (1.27g, 70%) as a colourless oil. ^HNMR (DjO): 8 0.95(3H, t), 1.35(m, 2H), 
2.61(1H. dd), 2 J0(1H, m). 2.87(1H, dd). 2.95(1H, ddd), 3.76(1H, ddd), 3.78(1H. dd). 
3.90(1H, dd), 3.94(1H, ddd). 4.06(1H, dd). 
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Example 6 3,4,S-Piperidiiietriol, l-iionyl-2-(hydroxymethyl)-, (2S3R,4R^S) 
a) ni^ridme,l-nonyl-3,4^-tris(pheBylmethoxy)-24(phenylme&^ 
(2S3MR^S) 



5 




Crude 2,3,4,6-tetra-0-ben2yl-l,5-di-0-mesyl-D-glucitol (Example la), l.Og) was dissolved in 
nonylamine (1.2 ml) and stirred at 55°C for 5 days. The reaction mixture was concentrated 
and the resultant crude oil was purified by column chromatography (gradient elution 0-^12% 

1 0 ethyl ethei/petroleum ettier) to give pip^dine, l-nQnyl-3,4^-tris(phenylme(lioxy)-2- 
[(phenylmethoxy)methyl], (2S,3R.4R,5S) (660mg, 71%). NMR (300MHz, CDCIg) 5 
0.88(3H, t, J 7Hz); 1.14~1.40(12H, m); 1.40-1.55(2H. m); 2.43-2.54(2H, m); 2,60-2.71(lH, 
m); 2.84(1H, dd, J = 12, 5Hz); 3.30-3.36(lH, m); 3.42-3.57(2H, m); 3.64(1H, dd, 9, 5Hz); 
3.67(1H. dd, J = 1 1, 3Hz); 3.78(1H, dd, J = 9, 6Hz); 4.47(2H, ABq); 4.56-4.72(4H, m); 

15 4.78(2H, ABq); 7.18-7,42(20H. m). 

b) 3,4^-Piperidinetriol, l-nonyI-2-(hydr6xymethyl)-, (2S,3R,4R,5S) 

20 

Piperidine, l-nonyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)-methyl], (2S,3R,4R,5S) 
(660ing) was dissolved in MeOH (10ml) and stirred overnight under a hydrogen atmosphere 
in the presence of PdQ2 (30Qmg). The reaction mixture was filtered through celite (followed 
by a methanol/water wash) and the filtrate was concentrated. The concentrate was purified by 
25 absorption onto Dowex 30X4-200 resin (8g) and elution with a mixture of 1 :7 aqueous 
ainmonia:water to give 3,4,5-piperidinetriol, l-nonyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) 
(160mg, 61%) as a gummy soUd, NMR (SOOMHz. CD3OD) 8 0.91(3H, m); 1.3(12H, bs); 
L45.L58(2H, m); 2.53-2.69(2H, m); 2.70-2.84(2H, m); 3.00-3.07(lH, m); 3.35-3.42(lH, m); 
3,49.3.58(1H. m); 3.70(1H, dd, J = 9, 5Hz); 3.78-3.89(2H, m). MS m/z 290.4 (M+H)+ 

30 

Example 7 3y4,5-Piperidmetriol, l-(l-ethyl)propyl-2-(hydroxymetfayl)-, 
(2S^R,4R^) 

. a) Piperidine, l-(l-ethyI)propyl-3^95-tris(plienylmefhoxy)*2- 
[(pIienylmefhoxy)methylL (2S^R»4R^S) 

35 

l,5-Di-0*methanesulfonyl-2,3,4,6-tetra'0-benzyl-D-glucitol (4.0g) was dissolved in 1- 
ediylpropylamine (6ml) and stirred at 55°C for 4 days. The reaction mixture was concentrated 
40 and the resultant brown oil was purified by column chromatography on silica gel (gradient 
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elution 0 to 15% diethyl ether/petroleum ether) to give piperidine, Hl"ethyl)propyl-3,4,5- 
tris(phenylmethoxy)-2-[(phenyhnethoxy)methyll, (2S,3R»4R,5S) (1.46g, 33%) as a pale 
yeUow oil NMR (CaDQa): 5 0.79-0.86(09. m), 1.17-1.30(4H, m). 2.30-2.41(lH, m). 2.62- 
2.71(1H, m). 2.83(1H. dd. J = 12, SHz). 3.30-3.34(lH. m). 3.43-3.53(2H, m), 3.66-3.73(2H. 
5 mX 3.83(1H. dd, J = 9. 6Hz), 4.50(2H, s), 4.63-4.79(4H, m), 4.83(2H, ABq), 7.23-7.42(2011. 
m). 

b) 3,4^-PiperidinetTiol, l-(l-etbyl)propyl-2-(hydroxymethyI)-, (2S^IMR^S) 



10 




To a solution of piperidine, 1-(1 -ethyl)propyl-3,4,5-tris(phenylmethoxy)-2-I(phenyl- 
inethoxy)methyll,(2S,3R,4R,5S) (1.46g) in methanol (15ml) was added Pda2(750mg). The 
reaction mixtuie was; stiired under an atnK)sphere of hydro 

1 5 indicated completion of the reaction and it was filtered through a celite pad and concentrated. 
The crude material was purified by absorption onto 8.5g of Dowex 50X4-200 resin and 
elution with a mixture of 1:7 28% aqueous ammoniaiwater gave, after lyophilisation, 3,4,5- 
piperidinetriol, l-(l-ethyl)propyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) (530mg, 92%) as a 
white soUd. *H NMR (D2O): 8 0.82(6H. t, J = 7Hz). 1.29-1.58(4H, m). 2.41-2.52(2H, m), 

20 2.87(1H, dd, J = 13, 5Hz), 3.16(1H, dd, J 10, 4Hz), 3.36-3.44(lH. m), 3.47-3.56(lH, m). 3.69- 
3.77(3H, m). MS m/z 234 (M+H)*. 

Example 8 S^^-Piperidinetriol, l-(3-inethyI)butyt2-0biydroxymetti3rl)*, 
(2S^]MRf5S) 

25 a) Piperidine, l-(3-methyl)butyl-3,4^tris(phenylmefhoxy)-2- 
[(phenyImethoxy)methyI],(2S,3R,4R^) 

30 l,5-Di-0-methanesulfonyl-2,3,4,6-tetra-0-benzyl-D-glucitol (4.0g) was dissolved m 

isoamylamine (4 ml) and stirred at 55°C for 4 days. The reaction mixture was concentrated 
and the resultant brown oil was purified by column chromatography on silica gel (gradient 
elution 0 to 20% diethyl eibei/petroleum ether) to give piperidine, l-(3-methyl)butyl-3,4,5- 
tris(phenylmethoxy)-2-[(phenyhnethoxy)methyl], (2S,3R,4R, 5S) (2.53g, 67%) as a 

35 colourless oil. NMR (CDCI3): 5 0.80(6H, d, J = 6Hz), 1.12-1.33(3H, m), 2.39-2.50(2H, m), 
2.59-2.70(lH, m), 2.79(1H, dd, J = 11, 4Hz), 3.26-3.32(lH, m), 3.38-3.52(2H, m), 3.56- 
3.67(2H, m), 3.74(1H, dd. J = 11, 6Hz), 4.43(2H. ABq), 4.52-4.67(4H, m), 4.75(2H, ABq), 
7.18.7.30(20H.m). 

40 b) 3,43*Fiperidinetriol, H3-methyI)butyl-2-(hydroxymethyl)., (2S^R,4R^ 
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•-OH 



To a solution of piperidine, l-(3-methyI)butyl-3,4,5-tris(phenylmethoxy)-2- 
[(phenylinethoxy)inethyl],(2S,3R.4R,5S) (2.53g) in methanol (30inl) was added PdQaCl^g). 

5 The leactim nnxtore was stined under an atmosphere of hydrogen overnight. TLC analysis 
indicated completion of the reaction and it was filtered through a celite pad and concentrated. 
The crude material was purified by absorption onto 12g of Dowex 50X4-200 resin and elution 
with a mixture of 1:7 28% aqueous ammonia:water gave 3,4,5-piperidinetriol, l-(3- 
niethyl)butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) (960mg, 97%) as a gummy solid. 'H NMR 

1 0 (DjO): 8 0.83(6H, dd, J = 7, IHz), 1.26-1.42(2H, m), 1.43-1.55(1H, m), i2.46(lH, dd. J = 12, 
lOHz). 2.57(1H, ddd, J = 12, 10, 6Hz). 2.68(1H, ddd. J = 12, 10. 6Hz), 2.81(1H, dd, J = 12, 
5Hz). 3.08(1H. dd. J = 10, 5Hz). 3.36(1H. t, J = 9Hz). 3.54(1H, ddd, J = 10, 9. SHz), 3.68(1H. 
dd, J = 10, 6Hz). 3.75-3.87(2H, m). MS m/z 234 (M+H)*. 

15 Example 9 3^^PiperidinetrioI,l-(2-plienyI)^]«-2-(hydr<ayniefliyO-> 
(2S3R^R,5S) 

a) Piperidine, l.(2-phenyl)ethyl-3,4,5-tris(phenylmethoigr)-2- 
[(phenyImethozy)mefliyl],(2S,3R,4R,5S) 



20 




l,5-Di-0-inethanesulfonyl-2,3,4,6-tetra-0-baizyl-D-gJucitol (5.0g) was dissolved m 
phraiethylamine (10 ml) and stirred at 55*^ for 3 days. The reaction mixtme was 
cmcentrated and the resultant brown dl was purified by column chromatography on silica gel 
25 (gradient elution 0 to 30% diethyl ether/petroleum etijer) to give pipCTidine, l-(2- 

phenyl)efliyl-3,4,5-tris(phenyhneflioxy)-2-[(phenyhnethoxy)mefliyl],(2S,3R,4R,5S)(3.2g, 
71%) of as a colourless oU. 'H NMR (CDQa): 5 0.86-0.98(2H, m), 1.16-1.28(2H, m). 2.56- 
2.7(1H. m). 2.70-2.88(lH, m), 2.91(1H. dd. J = 11, 4H2), 258-3.06(lH. m), 3.41-3.46(111, 
m). 3.46.3.60(2H. m); 3.66(1H, dd, J « 9, 6Hz); 3.75(1H. dd, J 10, 3Hz), 3.87(1H. dd, J = 10, 
30 6Hz), 4.52(2H, ABq), 4.60-4.74(4H, m), 4.83(2H, ABq). 7.10-7.38(25H, m).. 

b) 3,4,5-Piperldinetriol, l-(2-phenyl)ethyl-2.(hydroxyii»ethyl)-, (2S,3R,4R,5S) 




35 

To a solution of piperidine, l-(2-phenyl)ethyl-3,4,5-tris(phenyhnethoxy)-2- 
[(phenytaiethoxy)methyl].(2S,3R,4R.5S) (4.0g) in meflianol (30ml) was added Pda2(1.4^. 
The reaction mixtuie was stirred undo: an atmosphere of hydrogen overnight TLC analysis 
mdicated completion of the reaction and it was filtered through a celite pad and concentrated. 
40 The crude material was absorbed onto 20g of Dowex 50X4-200 resin and eluted witii a 
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mixture of 1:7 28% aqueous ammonia: water. The product fractions were lyophilised and then 
purified by column chromatography on silica gel (gradient eludon 0 to 20% 
MeOH/dicMoromethane) to give 3,4,5-piperidinetriol, H2-phenyl)ethyl-2-(hydroxymethyl)-, 
(2S.3R,4R.5S) (970mg, 81%) as a gummy soUd. *H NMR (DjO): 5 2.50(1H, dd, J = 12. 
5 lOHz), 2.68-Z97(5H, m), 3.3(1H, dd, J = 9. 5Hz), 3.36(1H, t, J = 9HzX 3.51-3.61(1H, m), 
3,66-3.73(2H, m), 3.74-3.83(lH. m), 7.18-737(5H, m). MS m/z 268 (M+H)*. 

Example 10 3,4^-Piperidinetrid, l-(3-phenyl)propyl-2-(hydroxymethyl)-, 
(2S,3R,4R^S) 

10 a) Piperidine, l-(3-phenyl)propyI-3,4^-tris(pbenylmetho}cy)-2- 
[(pheiiylmeihoxy)methyl],(2S^R94R^S) 



1 5 l,5-Di-0-methanesulfonyl-2,3,4,6-tetra-0-ben2yl-D-glucitol (5.0g) was dissolved in 3- 
phenylpropylamine (Sml) and stirred at SS°C for 3 days. The reaction mixture was 
concentrated and the resultant brown oil was purified by column chromiatography on silica gel 
(gradient elution 0 to 25% diethyl ether/petroleum ether) to give piperidine, l-(3- 
phenyl)propyl-3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)methyl], (2S,3R, 4R,5S) (4.25g, 

20 100%) as a pale yellow oU. NMR (CDCla): 5 1.72-1,84(2H, m), 2.54-2.64(4H, m), 2.70- 
2.80(1H, m). 187(1H. dd, J = 11. 5Hz), 3.34.3.39(1H, m). 3,46-3.62(2H. m). 3.65-3.74(2H. 
m), 3.84(1H. dd, J s 10, 6Hz), 4.52(2H, ABq), 4.62-4.75(4H. m), 4.84(2H. ABq). 7.12- 
7.39(25H, m). 

25 b) 3,4^-Piperidinetriol, l-(3.phenyl)propyl-2-(hydroxymethyl)-, (2S^R,4R,5S) 



To a solution of piperidine, l-(3-phenyl)propyl-3,4,5-tris(phenylmethoxy)-2- 
30 [(phenylmeihoxy)meihyl],(2S.3R.4R,SS) (4.2g) in metiianol (40ml) was added PdCU (1.6g). 
The reaction mixture was stirred under an atmosphere of hydrogen overnight. TLC analysis 
indicated completion of the reaction and it was filtered through a celite pad and concentrated- 
The crude material was absorbed onto 20g of Dowex 50X4-200 resin and eluted with a 
mixture of 1:7 28% aqueous ammoniazwater . The product fractions were lyophilised and 
35 then purified by colunon chromatography on silica gel (gradient elution 0 to 20% 
MeOH/dichloromethane) to give 3,4,5-piperidinetriol, l-(3^henyl)propyl-2- 
(hydroxymetiiyl)-. (2S,3R,4R,5S) (1.36g, 71%) of as a clear gum. NMR (DjO): 5 1.69- 
1.82(2H, m), 2.44(1H, dd, J = 12, lOHz), 2.51-2.72(4H, m). 2.78(1H, dd, J = 13, 5Hz). 
3.05(1H, dd, J = 11, 5Hz), 3.34(1H, t. J = 9Hz). 3.52(1H, ddd, J := 10, 9, 5Hz), 3.66(1H, dd, J 
40 = 10. 5Hz).3.71-3.81(2H.m),7.17-735(5H,m). MS in/z 282 (M+H)*. 
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Example 11 3,4^-Piperidmetriol, l-(l-ethyl)hexyI-2^(hydroxymethyl)-, (2S^R,4R^S) 
a) Piperidine, l-(2-ethyl)hexyl-3^y5-tris(phenylmethoxy)-2- 
[(phenylinethoxy)mettiyl],(2S^R,4R^) 



l,5-Di-0-methanesulfonyl-2,3,4,6-tetra-0-benzyl-D-glucitol (5.0g) was dissolved in 2- 
ethylhexylamine (5ml) and stirred at 55°C for 4 days. The reaction mixture was concentrated 

1 0 and the resultant brown oil was purified by column chromatography on silica gel (gradient 
elution 0 to 17.5% diethyl ethei/petroleum ether) to give piperidine, l-(2-ethyl)hexyI-3 ,4,5- 
tiis(phenyhiiethoxy)-2-[(phenyhnethoxy)methyl], (2S,3R,4R,5S) (2.6g, 57%) as a colourless 
oU. NMR (CDCI3): 5 0.75-0.93(6H, m). L17-1.38(9Ii m), 2.16(1H, dd. J = 13, 6Hz), 
2.25-2.36(2H, m), 2.52-2.60(lH, m). 3.02-3.09(lH, m), 3.24-3.36(2H, m), 3.40-3.51(2H, m), 

15 3.60(1H, dd, J = 10, 6Hz). 4.53(2H, ABq), 4.62-4.76(4H, m). 4.85(2H, ABq). 7.18-7.3 1(20H, 
m). 

b) 3,4^I1peridmetriolil-(^ethyl)hexyl-2-(hydroxyinea^^^ 



To a solution of piperidine, l-(2-ethyI)hexyI-3,4,5-tris(phenylmethoxy)-2- 
[(phenylmethoxy)methyl], (2S,3R,4R,5S) (2.6g) in methanol (20ml) was added PdQi 
(90Qmg). The reaction mixture was stirred under an atmosphere of hydrogen overnight. TLC 

25 analysis indicated completion of the reaction and it was filtered through a celite pad and 
concentrated. The crude material was absorbed onto 13g of Dowex 50X4-200 resin and 
eluted with a mixture of 1:7 28% aqueous ammonia:water. The product fractions were then 
purified by column chromatography on silica gel (gradient elution 0 to 10% 
MeOH/dichloromethane) to give, after lyophilisation, 3,4,5-piperidinetriol, l-(l-ethyl)hexyl- 

30 2-(hydroxymethyl)-. (2S,3R, 4R.5S) (320mg, 28%) as a gummy soUd, NMR (CDCh): 8 
0.68-O.80(6H, m). 1.08-1.32(9H, m), 2.30-2.46(3H, m), 2.60(1H. dd, J = 13, SHz). 2.90(1H, 
dd. J = 12, 6Hz), 3.30-3.38(lH, m). 3.40-3.49(lH, m), 3.55(1H, dd, J = 13, 9Hz), 3.66(1H, dd. 
J = 9, 5Hz), 3.74(1H, dd, J = 11, 7Hz). MS m/z 276 (M+H)^ 

35 Example 12 3^^-Piperidiiietiiol, l-(2-efhyl)butyl-2.(hydroxymefhyI)-, (2S^R^R^S) 
a) Piperidine, l-(2-eihyl)batyl-3/l^-tris(phenylmethoxy)-2- 
[(phenybnettiory)iiieth]4],(2S^R,4R^S) 



5 
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BnO- 




l,5-Di-0-inethanesulfonyl-2,3A6-tetra-0-benzyl-D-glucitol (3.0g) was dissolved in 2- 
ethylbutylamine (2.Sml) and stirred at SS^C for 4 days. The reaction mixture was 
5 concentrated and the resultant brown oil was purified by column chromatography on silica gel 
(gradient elution 0 to 12% diethyl ether/petroleum ether) to give piperidine, l-(2-ethyl)butyl- 
3,4,5-tris(phenylmethoxy)-2-[(phenylmethoxy)niethyl], (2S3R,4R,5S) (1.93g, 74%) as a 
colourless oil (Rf: 0.25, 20% ethylacetate/petroleum ether) which was used directly in the next 
stag^. 

10 

b) SAS-Piperidinetriol, l-(2-ethyl)butyl-2-(hydroxymefhyl)-, (2S;3IMR^S) 



15 To a solution of piperidine, l-(2-ethyl)butyl-3,4,5-tris(phenyln[iethoxy)-2- 

[(phenyhnethoxy)methyl]. (2S,3R,4R,5S) (1.93g) in methanol (20ml) was added PdClj 
(SOOmg). The reaction mixture was stirred under an atmosphere of hydrogen overnight. TLC 
analysis indicated completion of the reaction and it was filtered through a celite pad and 
conc^itrated. The crude material was purified by absorption onto IQg of Dowex 50X4-200 

20 resin and elution with a mixture of 1:7 28% aqueous ammonia: water gave, after 

lyophilisalion, 3,4,5-piperidinetriol, H2-ethyl)butyI-2-(hydroxymethyl)«, (2S,3R,4R,5S) 
(735mg, 94%) as a white soUd. NMR (CDQa): 5 0.78(6H, t, J = 7Hz), 1. 14"L30(5H, m). 
2.32-2.48(3H, m), 2.63(1H. dd, J = 13, 5Hz), 2.92(1H, dd, J = 13, 6Hz), 3.37(1H, t, J = 9Hz), 
3,47(1H, ddd, J = 10, 9,4Hz), 3,57(1H. dd, J = 11. 7Hz), 3.68(1H. dd, J = 9. 6Hz), 3.77(1H. 

25 dd,J=ll,4H2).MSin/z248(M+H)*. 

Example 13 3,4^-PiperidinetrioI, l-[(2R)-(2.methyl-2.phenyl)ethyl]-2- 
(hydroxymethylH (2S3R,4R55S) 

a) Piperidine, l-[(2R)<2-mefiiyl-2-phenyl)eayl]-3,4,5-tris(phenyl^^ 
30 [(phenyimetlioxy)meaiyl],(2S^R,4R^S) 



l,5-Di-0-methanesulfonyl-2,3,4,6-tetra-0-ben2yl-D-glucitol (2.5g) was dissolved in DMF (3 
35 ml). Diisopropylethylamine (LSml) and R(+)-P-metfayIphenethylamine (Ig) added and 
the reaction was stirred at S5^C for 5 days. The reaction mixture was concentrated and the 
resultant brown oil was purified by colunm chromatography on silica gel (gradient elution 0 
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to 25% diethyl ethei/petroleum ether) to give piperidine, l-[(2RH2-methyl-2-phenyl)ethyl]- 
3,4,5-tris(phenyhnethoxy)-2-[(phenylmethoxy)-methyl], (2S,3R.4R,5S) (740mg, 32%) as a 
pale yellow oU. NMR (CDQa): 5 1.2H.27(3H, m), 2,52-2.59(lH, m), 2.70-2.95(411, m). 
3,35-3.40(lH, m), 3.44-3.52(2H, m). 3.64(1H, dd, J = 12, 9Hz), 3.74(1H, dd, J = 11, 3Hz), 
5 3.86(1H, dd, J = 9, 6Hz), 4.47^.69(6H, m), 4.83(2H. ABq), 7.17-7.37(25H, m). 

b) 3,4^-Pjperidinetriol, H(2R)-(2-methyl-2-phenyl)ethyl]-2-(hydroxym^ 
(2S^R,4R^) 



10 




To a solution of piperidine, I-[(2R)-(2-methyl-2-phenyl)ethyl]"3,4,5-tris(phenylinethoxy)-2- 
[(phenylmethoxy)methyl]. (2S,3R,4R,5S) (740mg) in methanol (15nil) was added PdCh 
(SOOmg). The reaction mixture was stirred under an atmosphere of hydrogen overnight. TLC 

1 5 analysis indicated conq)letLon of the reaction and it was filtered through a celite pad and 
concentrated. The crude material was purified by absorption onto lOg of Dowex 50X4-200 
resin and elution with a mixture of 1:7 28% aqueous ammonia: water gave, after 
lyophilisation, 3,4,5-piperidinetriol, l-[(2R)-(2-methyl-2-phenyl)ethyl]-2-(hydroxymethyl)-, 
(2S,3R,4R. 5S) {300mg, 92%) of as a gummy soUd. NMR (CDQa): 5 1.18(3H, d, J = 

20 5HzX 2.42(1H, dd, J = 12, 9Hz), 2.56-2.87(5H, m), 3.29(1H, t, J = 9Hz), 3.39-3.66(4H, m), 
7.07-7.23(5H, m). MS m/z 282.3 (M+H)*. 

Example 14 3/l^-piperidinetriol, l-[(2S)-(2-methyl-2-phenyl)ethyl]-2- 
(hydroxymethyl)-, (2S^R,4R^S) 
25 a) Piperidine, l-[(2S)-(2-methyl-2-phenyl)ethyl]-3y4,S-tris(phenyb^^ 
[(pheiiylmetiioxy)mefliyl],(2S3R^Rf5S) 




30 l,5-Di'-0-methanesulfonyl-2,3,4,6-tetra-0-benzyl-D-glucitol (2.5g) was dissolved in DMF 
(3ml). Diisopropylethylamine (L5ml) and S(-)-P-methylphenethylamine (Ig) were added and 
the reaction was stirred at 5S*'C for 5 days. The reaction mixture was partitioned between 
aqueous NaOH (IM, 30ml) and ethyl acetate (50ml). The organic phase was washed with 
saturated aqueous NaH(X)3, dried over Na2S04 and concentrated. The resultant crude oil was 

35 purified by column chromatography on silica gel (gradient elution 0 to 17% diethyl 
efliei/petroleumetiier) to give piperidine, l-[(2S)-(2-methyl-2-phenyl)ethyl]-3,4,5- 
tris(phenyhnetiioxy>2-[(phenylmeflioxy)-mefliyl], (2S,3R*4R,5S) (700mg, 31%) as a pale 
yellow oil. *H NMR (CDCI3): 8 1.17-1.21(3H, m), 2.55-2.64(lH, m), 2.79(1H, dd, J = 12. 
7Hz), 2.87(1H. dd, J = 13, 6Hz), 2.98(1H, dd. J = 13. 7Hz). 3.20-3.26(lH, m), 3.40-3.54(3H, 

40 m), 3.69(1H, dd, J = 10, 2Hz). 3.84(1H, dd, J = 13, 7Hz), 4.46-4.70(6H, m), 4.8(2H, ABq), 
7.09-7.38(25H.m). 
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b) 3y4»5-Iiperidinetrioia-[(2S)-(2-methyl-2-phenyl)eA^^^ 
(2S3R/IRf5S) 



To a solution of piperidine, l-[(2SH2-methyl-2-phenyl)ethyl]-3,4,5-tris(phenylmethoxy)-2- 
[(phenylmethoxy)methyl], (2S,3R,4R,5S) (700mg) in methanol (ISml) was added of PdCU 
(300mg). The reaction mixture was stirred under an atmosphere of hydrogen overnight TLC 

1 0 analysis indicated conqaletion of the reaction and it was filtered through a celite pad and 
concentrated. The crude material was purified by absorption onto lOg of Dowex S0X4-200 
resin and elution with a mixture of 1:7 28% ammonia:water gave, after lyophilisation, 3,4,5- 
piperidinetriol, l-[(2SH2-metfiyI-2-phenyl)ethyl]-2-(hydroxymefliyl)-, (2S,3R,4R,5S) 
(25Qmg, 81%) as a gummy solid. NMR (CDCL3): 8 1.17(3H, d, J = SHz), 2.45(1H, dd, J 

15 =13, lOHz). 2.59(1H, dd, J « 13, 4Hz). 2.64-2.86(3H, m). 2.95(1H, dd. J = 14, 6H2). 3.34 

(IH, t, J = 8H2), 3.42-3.55(2H, m), 3.64 (IH, dd, J = 8. 5Hz), 3.74(1H, dd, J = 11. 6Hz), 7.08- 
7.23(5H, m). MS m/z 282.3 (M+H)*. 

Example 15 Piperidiney l-[(4-methoxyphenyl)mefhyl]-3,4,5-tris(pheiiybnethoxy)*2- 
20 [(phenylmetlioxy)methyl], (2S^R,4R^S) [protected intermediate] 



l,5-Di-0-methanesuIfonyl-2,3,4,6-tetra-0-benzyl-D-glucitol (25g) was dissolved in 4- 
25 methoxybenzylamine (50 ml) and stirred at 55^ for 4 days. The reaction mixture was 

concentrated and the resultant brown oil was purified by column chromatography on silica gel 
(gradient elution 0 to 23% diethyl ether/petroleum ether) to give piperidine, l-[(4- 
niethoxylphenyl)methyl]-3,4,5-tris(phenylinethoxy)-2-[(phenyl-methoxy)inethyy 
(2S,3R,4R,5S) (17.1g, 75%) as a pale yeUow oU. NMR (CDCI3): 5 2.50-2.60(lH, m). 
30 2.83(1H, dd, J = 13, 4Hz), 3.39-3.44(lH, m), 3.51-3.61(2H, m), 3.64-3.80(3H, m), 3.84(3H, 
s), 3.70-3.77(2H, m), 4.54(2H, s), 4.58-4.69(4H. m), 4.85(2H, ABq), 6.87(2H, d. J = 7Hz), 
7.18(2H, d. J = 7 Hz), 7.26-7.40(20H, m). 

Biological Data 

35 The conq)ounds of the invention were assayed (Table 1) to detenmne their ICsq concentrations 
against galactosidase and glucosylceramide synthase. In the former case, assays were carried out 
accQidmg to the methods described in Jacob and Scudder, I^fethods in Enzymology, (1994), 230, 
280. In die case of glucosylceramide synthase, assays WW carried out according to them 
described in Flatt et al, LBioLOienL, (1994), 269, 27108. 
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Table! 





Jack bean 


Mouse 


Porcine 


Coffee bean a- 


Glucosyl 


Compound 


p. 


ceramide 


intestinal 


galactosidase 


ceramide 




galactosidase 


P-galactosidase 


lactase 




synthase 








(KiuM) 


aCsoMM) 




NB-DC3J 


3.4 


370 


85 




32.5 


Exan^leS 


280 


Not inhibitory 


8000 


72 


73.1 



Table 2 shows data for human enzymes. Hie assay for inhibition of GCS was peif onned 
5 essentially as described in Piatt et al, LBioLChem., (1994), 269, 27108, the enzyme source being 
human recombinant GCS expressed in insect cells. The glucosidase assays were performed as 
described (Biochemical Genetics, A Laboratory Manual, Oxford Univ^ty Press) except that p- 
nitropfa^yl linked substrates were used instead of methylumbell^^ 



10 Table 2 



Compound 


Human GCS 


Human 


Humana- 


Human 




(ICsoMM) 


glucosidase 


glucosidase 
(ICjoMM) 


galactosidase 
(KiMM) 


NB-DNJ 


15 


960 


<20)4M 


No inhibition at 
ImM 


NB-DGJ 


Not tested 


Not inhibitory 


Not inhibitc»ry 


40 


Example 2 


10.6 


NotinhiUtory 


Not inhibitory 


Not inhibitory 


Examples 


4.0 


Not inhibitory 


Not inhibitory 


Not inhibitory 



Thus; the con:q>ounds of the invention exhibit less inhibitory action against both glucosidases and 
galactosidases (thereby reducing side effects) than compounds such as NB-DNJ or NB-DGJ, . 
while retaining activity against glucosylceramide synthases. 

15 
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CLAIMS: 



1. A compound of formula (I) or a pharmaceutically acceptable salt or prodrug thereof: 




wherein 

R is straight or branched-chain alfcyl, optionally substituted by Ca-Tcycloalkyl, 
and optionally interrupted by -O- the oxygen being separated from the ring nitrogen by at 
1 0 least two carbon atoms, or C^o alkylaryl where aryl is phenyl, pyridyl, tbienyl or furyl 

wherein phenyl is optionally substituted by one or more substituents selected fromP, CI, Br, 
CF3, OCFa, 0R\ and Ci^ straight or branched-chain alkyl; and 
is hydrogen, or Ci^ straight or branched-chain alkyl; 
provided that the compound is not: 
15 a) 3,4.5-piperidinetriol, l-butyl-a-Chydroxymethyl)-, (2S,3R,4R,5S); 

b) 3,4,5-piperidinetriol, l-phenyhnethyl-2-(hydroxymethyl>, (2S,3R,4R,5S); or 

c) 3,4.5-piperidinetriol, lHnonyl-2-(hydroxymethyl)-, (2S,3S,4R.5S). 

2. A compound as defined in claim 1 wherein the hydroxyl group at position 3 is in the 
20 R configuration. 

3. A compound as defined in claim 1 or 2 wherein R is C1.16 straight or branched-chain 
alkyl. 

25 4. A compound as defined in claim 3 wherein R is Ca-io straight chain alkyl. 
5. * A conqpound selected from: 

3,4,5-piperidinetriol, l-propyl-2-(hydroxymethyl>, (2S,3R,4R,5S) 
3,4,5-piperidinetriol, l-pentyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) 

30 3,4,5-piperidmetriol, l-heptyl-2-Oiydroxymethyl)-, (2S,3R,4R,5S) 
3,4,S-piperidinetriol, l-butyl-2-(hydroxymethyl)-, (2S,3S,4R,5S) 
3,4,5-piperidinetriol, l-nonyl-2-(hydioxymethyl)-, (2S,3R,4R,5S) 
3,4,5-piperidinetriol, Hl-ethyl)propyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) 
3,4,5-piperidinetriol. l-(3-methyl)butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) 

35 3,4,5-piperidinetriol, H2-phenyl)ethyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) 
3,4,5-piperidmetriol, l-(3-phenyl)propyl-2-(hydroxymiethyl)-, (2S,3R,4R,5S) 
3,4,5-piperidinetriol, l-(l-ethyl)hexyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) 
3,4,5-piperidinetriol, l-(2-ethyI)butyl-2-(hydroxymethyl)-, (2S,3R,4R,5S) 
3,4,5-piperidinetriol, l-[(2R)-(2-methyl-2-phenyl)ethyl]-2-(hydroxymethyl)-, (2S,3R.4R,5S) 

40 3,4,5-piperidmetriol, l-[(2SK2-methyl-2.phenyl)ethyl]-2-(hydroxymethyl)-, (2S.3R,4R,5S) 
or a pharmaceutically acceptable salt or prodrug thereof. 
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6. The compound 3 A5-piperidinetriol, l-pentyl-2-(hydroxymethyl)-, (2S,3R,4R.5S). or 
a phannaceutically acceptable salt or prodrug thereof. 

5 7. A compound as defined in any one of the pieceding claims,.but without provisos a) 
and b), for use in noedicine. 

8. A pharmaceutical formulation comprising at least one conqpound as defined in any . 
one of claims I to 6, but without provisos a) and b), optionally together with one or more 

10 pharmaceudcally acceptable carriers, excipients and/or diluents. 

9. A process for the preparation of a compound as defined in any one of claims 1 to 6 
which comprises: 

a) reacting a confound of formula CO): 

15 




OH 



(H) 

with NaBHaCN and an aldehyde of formula R^CHO, wherein R^ is Cms straight or branched- 
chain alkyl, in acetic acid-methanol, or with NaBH(0Ac)3 and an aldehyde of formula 
20 R^HO, wherein R^ is Cms straight or hranched-chain alkyl, optionally siibstituted by C3. 
TcycloalkyU and optionally interrupted by -O- the oxygen being separated fi:om the CHO 
moiety by at least one carbon atom, or CW^Iatyl where aryl is as defined in claiml, in a 
solvit; or 

b) deprotection of a confound of formula (m): 

25 




OP 



on) 

wherein R is as defined in claim 1, and P, which may be the same or different, arei hydroxy 
protecting groups. 

30 

10. The use of a compound as defined in any one of claims I to 6, but without provisos a) . 
to c), in the manufisicture of an inhibitor of glucosylceramide synthase. 

11. The use of a confX>und as defined in any one of claims 1 to 6, but without provisos a) 
35 to c), in Ae manu&cture of a medicament for die treatment of a glycolipid storage disease. 

12. The use as claimed in claim 1 1 wherem the glycolipid storage disease is Qauch^ 
disease, Sandhofib disease, Tay-Sachs disease, Fabry disease or QMl gangliosidosis. 
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13. Hie use of a conipound as defined in any me of claims 1 to 6, but mthout provisos a) 
to c), in the manu&ctme of a medicamrait for the tieatment of ITiemann-Pick disease ^e C, 
mucopolysaccharidosis type I, mucopolysaccharidosis type IIID» mucopolysaccharidosis type 
5 niA, mucopolysaccharidosis type VI, mucopolysaccharidosis type VII, a-maonosidosis or • 
mucolipidosis type IV. 

- .14* The use of a coizq;)ound as defined many one of claims 1 to 6, but without pr^ 
c), in the manufacture of a medicament for the treatment of neuronal cancer including 
1 0 neuroblastoma, braiu cancer, renal adenocarcinoma, malignant melanoma, multiple myeloma and 
multi-drug resistant cancers. 

15. Ilie use ofa confound as defined in anyone of claims 1 to 6, but without provisos a) • 
to c), in the manufacture of a medicament for use in the treatment of Alzheimer' s disease, 

1 5 epilqpsy, stroke, Parkinson's disease or spinal injury. 

16. The use ofa compound as defined in any one of claims 1 to 6, but without provisos a) 
to c) , in the manu&ctoie of a medicammt for use in the treatment of disease caused by infectious 
microorganisms which utilize glycolipids on die surface of cells as receptors for the organism 

20 itself or toxins produced by the organism or disease caused by irifectiousorganisitisf 
synthesis of glucosylc^ramide is an essential or important process. 

17. The use of a confound as defined in any one of claims 1 to 6, but without provisos a) 
to c), in the manufacture of a medicament for use in the treatment of diseases ass ociated with 

25 abnormal glycolipid synthesis, e.g. polycystic kidney disease, diabetic renal hypertrophy and 
atherosclerosis. 

18. The use of a compound as defined in any one of claims 1 to 6, but without provisos a) 
to c), in the manufacture of a medicament for the treatment of a condition treatable by the 

30 administration of a ganglioside such as GMl ganglioside. 

19. Theuseof a compound as defined in any one of claims 1 to 6, but without provisos a) 
to c), in die manu&cture of a medicament for use in re versibly rendenre a male mammal 
infertile. 



35 



20. The use of a compound of f (xmula ij) but without die provisos a) to c) , in the 
manufacture of a medicament for the treatment of obesity. 



21, 



A conqpound of formula (IID: 




40 



OP 



m 
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wherein R is as defined in claim 1, and P, which may be the same or different, are hydroxy 
protecting groups; provided that the con;K)iind is not- 

i) piperidine, l-phenyhnethyl-3,4,S-tris(phenyfatiethoxy)-2-[(phenyhnetfaoxy)- 
methyl],(2S,3R,4R,5S); 
5 ii) piperidine, l-phenyhnethylr3,4,5-tris(acetyloxy>2-[(acetyloxy)-niethyI], • 

(2S.3R,4R,5S); 

iii) _ ^ piperidine, l-phenyhnethyl-3,4,5-di(acetyloxy)-5-(phenylniethoxy)-2- 
[^benyhnetfaoxy>-niethyl], (2S,3S,4R,5S); or 

iv) piperidine, l-methyl-3,4,5-di(acetyloxy)-5-(phenylmethoxy)-2- 
1 0 [(phenyhnethoxy)-methyl], (2S,3S,4R,5S). 
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Present claims 1-20 relate to a prodrugs which are defined by reference 
to a desirable property, namely they must be converted In vivo into the 
compounds of formula (I) 

The claims cover all compounds having this characteristic or property, 
whereas the application provides support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 PCT for only a very 
limited number of such compounds. In the present case, the claims so lack 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Independent of 
the above reasoning, the claims also lack clarity (Article 6 PCT). An 
attempt is made to define the product/compound/method/apparatus by 
reference to a result to be achieved. Again, this lack of clarity in the 
present case Is such as to render a meaningful search over the whole of 
the claimed scope Impossible. Consequently, the search has been carried 
out for those parts of the claims which appear to be clear, supported and 
disclosed, namely those parts relating to the compounds of formula (I) 
and esters thereof. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining. Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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